ABSTRACT
INTRODUCTION
A mong the diets for obesity treatment and metabolic syndrome, a few have gotten a high visibility as low carbohydrate diets, being the Atkins diet program, one of the main examples of this trend. This program is objectively characterized by an unlimited calorie diet, but with limited consumption of carbohydrates about 20 g/day for at least 14 days and gradual increases, respecting the need for additional weight loss (1) .
In addition to the benefits in body weight control, waist circumference, blood pressure and improvement in indicators of carbohydrate metabolism dysfunction, such as fasting plasma glucose, glycated hemoglobin and plasma insulin, months in dietary programs based on carbohydrate restriction has also positively contributed to lipid profile of plasma, increasing HDL cholesterol and decreasing plasma triglycerides (to a great review of these points read) (2).
It's already known that plasma triglycerides is involved in large VLDL particles and small dense LDLs productions, as it has been proposed as the major determinant of cholesterol esterification/transfer and HDL particles remodeling, key determinants in cardiovascular risk, where the smallest LDL and HDL particles have deleterious effects (3) . In this context, the plasma parameter log (TG/HDL-C), well known as 'atherogenic index of plasma' (AIP), has been considered as a marker of plasma atherogenicity, since it indicates the lipoprotein particle size (4) and is associated with coronary artery disease (5) .
In this brief communication, we demonstrate that a simple explanation of the initial phase of the Atkins program (20 g/d of carbohydrate during 14 days), even with minimal professional contact, may provide beneficial effects in the AIP in obese and overweight trained adapted individuals.
MATERIALS AND METHODS
Twelve healthy overweight trained adapted individuals (n = 12) participated voluntarily in this study which was approved by university's institutional ethics committee. The inclusion criteria was based on CV Risk where to participate in the research the voluntary should be rated in high (> 0.21) or medium (0.11-0.21). However, individuals with low CV risk, but with index above 0.09 (borderline), were included in the research.
To participate in this study the voluntary should be physically adapted. The physical training during the 14 days of diet was muscular resistance exercise, 4 times/ week, in 60% of maximum intensity previous defined, performing 4 sets of 15 repetitions, with 1 minute interval between them, in order to standardize the training intensity between all participants.
Based in Foster and cols. study (6) the individuals were introduced to the initial phase of Atkins diet program (1) which consists in an unlimited calorie intake of protein and fat, but with a limited carbohydrate intake (< 20 g/day) for two weeks. The measure of urinary ketones has been done with commercial kit KetoDiabur-Test (Roche) every 3 days. Positive result was needed to proceed the study. Serum analysis was done by a commercial clinical laboratory. AIP was calculated as log (TG/HDL) expressed in molar concentrations. Data is expressed in means ± SEM. Shapiro-Wilk was used to verify normality of the data. Nonparametric paired Student's t test were then used.
RESULTS
After 14 days in Atkins diet program, body weight, BMI, VLDL and TG, had decreased, while HDL-c increased (Table 1 ). In addition, the mean (± SEM) calculated AIP before the diet program (0.29 ± 0.26) represented a high CV risk, more precisely in 58,3% of the individuals ( Figure 1B) . After 14 days of Atkins diet program, the mean value decreased significantly (-0.02 ± 0.29, p < 0.05 Figure 1 ) and more than 66% of individuals were low CV risk ( Figure 1B ).
DISCUSSION
In our study, we have demonstrated that, in addition to body weight loss, only 14 days in Atkins program were enough to provide beneficial effects in HDL-c, TG and, therefore, in AIP. These results are supported by similar studies with more expressive sample size and duration. The recommendation of the Atkins diet program without constant supervision has already been able to promote improvement in the same cardiovascular risk markers after some 2 months to a year (6, 7) . Although AIP has not been calculated, calculating from the mean of the previously studies cited show similar improvement in AIP values during obesity weight loss. Also, in other study (8) , a ketogenic diet with intense carbohydrate restriction has been associated with improvement in serum LDL subclass distribution, increasing the mean of particles diameter after only three weeks of diet, independently of weight loss.
In 2013, a meta-analysis of randomized controlled trials for weight loss (9) demonstrated that carbohydrate restriction promotes a better TG decrease and increase in HDL (the components of AIP index) than conventional restricted-energy high carbohydrate (> 50%) low fat (< 30%) diet in more than 1,500 individuals studied for up to a year. Therefore, lack of evidence for high carbohydrate/low fat diets for cardiovascular risk, especially when it comes from serum lipids and cholesterol fraction, and the benefits of fat intake in the same topic is part of a constant and current discussion in human nutrition (10) . Likewise, despite associations between fat intake and CV risk are commonly cited, large randomized prospective studies never found significant beneficial effects of low fat diets on mortality, cardiovascular disease and risk (11, 12) which generates the need of others dietary researches and interventions for blood cholesterol control, particularly LDL and HDL lipoprotein particle size, emphasizing the importance the present results. A possible explanation of our results is the fact that carbohydrates, especially sugar, interact with plasma lipids due to the changes in hepatic lipid metabolism and short term high carbohydrate diets increases plasma lipids by accelerated VLDL-triglyceride secretion (13, 14) . Also, once known that low carbohydrate diet is related with lower insulin levels, a shunting in metabolic pathways of hepatic lipogenesis and cholesterol synthesis should be considered. In addition of a higher fat oxidation, syntheses of ketones bodies decrease hepatic substrates of triglycerides and cholesterol (15) which can interfere in serum lipids release and consequently in AIP.
Yet, it should be noticed that a possible interaction between exercise and ketosis might exist, making easier the ketogenic state, even with a higher consumption of protein, that could otherwise stimulate insulin and break ketosis. High protein diets (even high in animal proteins), mainly when carbohydrates are replaced, are not atherogenic and leads to improvement of serum lipid and carbohydrate metabolism, (16, 17) . Further, it is also discussed that the success of carbohydrate restricted diets depend on the high protein intake (18), leading us not to dismiss the reasonable and possible role of a high protein intake in these results.
Between the usual concerns and misunderstandings about this dietary intervention are the acidosis and kidney healthy. About that: firstly, dietary ketosis (0.5-3.0 mmol) induced by low carbohydrate intake should not be confused be confused with ketoacidosis (15-25 mmol), a potentially fatal condition which is only possible as a result of uncontrolled diabetes mellitus (19) ; Secondly, over two years in Atkins diet style, no adverse effects in kidneys were found during obesity treatment with this same approach (20) . However, dietary individual responses need to be analyzed. In our results ( Figure 1A ), we observed a single person who had his AIP index worse after dietary intervention (Medium CV risk to High).
An important limitation of our results is the limited sample size. Nevertheless, our results are supported by current clinical trials and meta-analysis. Therefore, we encourage further research on the topic.
In conclusion, an advice to follow the initial phase of Atkins diet program, which consists in a low-carbohydrate diet with positive urine ketones, can decrease the AIP after only 14 days of program, in adult obese or overweight trained adapted men. This finding may reflect positively in clinical nutrition. 
